The initial selection of appropriate empirical antibiotic treatment affects mortality, morbidity and potential health care expenditures. [6] [7] [8] The optimal choice of antibiotics in S. aureus infections is important for 3 major reasons: β-lactam antibiotics have shown improved efficacy over vancomycin and are the ideal treatment for susceptible strains of S. aureus; 6 β-lactam antibiotics are ineffective against MRSA, and so vancomycin or other newer agents must be used empirically when MRSA is suspected; and unnecessary use of broad-spectrum antibiotics (e.g., vancomycin) can lead to the development of further antimicrobial resistance. 9 It is therefore necessary to make informed decisions regarding selection of empirical antibiotics. [10] [11] [12] [13] Consideration of a patient's previous colonization status is important, because colonization predates most hospital and community-acquired infections. 10, 14 Universal or targeted surveillance for MRSA has been implemented widely as a means of limiting transmission of this antibiotic-resistant pathogen. 15, 16 Although results of MRSA screening are not intended to guide empirical treatment, they may offer an additional benefit among patients in whom clinical infection with S. aureus develops.
Studies that examined the effects of MRSA carriage on the subsequent likelihood of infection allude to the potential diagnostic benefit of
Utility of prior screening for methicillin-resistant Staphylococcus aureus in predicting resistance of S. aureus infections
Research CMAJ Background: Screening for methicillinresistant Staphylococcus aureus (MRSA) is intended to reduce nosocomial spread by identifying patients colonized by MRSA. Given the widespread use of this screening, we evaluated its potential clinical utility in predicting the resistance of clinical isolates of S. aureus.
Methods:
We conducted a 2-year retrospective cohort study that included patients with documented clinical infection with S. aureus and prior screening for MRSA. We determined test characteristics, including sensitivity and specificity, of screening for predicting the resistance of subsequent S. aureus isolates.
Results:
Of 510 patients included in the study, 53 (10%) had positive results from MRSA screening, and 79 (15%) of infecting isolates were resistant to methicillin. Screening for MRSA predicted methicillin resistance of the infecting isolate with 99% (95% confidence interval [CI] 98%-100%) specificity and 63% (95% CI 52%-74%) sensitivity. When screening swabs were obtained within 48 hours before isolate collection, sensitivity increased to 91% (95% CI 71%-99%) and specificity was 100% (95% CI 97%-100%), yielding a negative likelihood ratio of 0.09 (95% CI 0.01-0.3) and a negative predictive value of 98% (95% CI 95%-100%). The time between swab and isolate collection was a significant predictor of concordance of methicillin resistance in swabs and isolates (odds ratio 6.6, 95% CI 1.6-28.2).
prior screening for MRSA. 17, 18 Colonization by MRSA at the time of hospital admission is associated with a 13-fold increased risk of subsequent MRSA infection. 17, 18 Moreover, studies that examined nasal carriage of S. aureus after documented S. aureus bacteremia have shown remarkable concordance between the genotypes of paired colonizing and invasive strains (82%-94%). 19, 20 The purpose of our study was to identify the usefulness of prior screening for MRSA for predicting methicillin resistance in culturepositive S. aureus infections. Sunnybrook Health Sciences Centre is a tertiary care centre that serves about 31 000 inpatients annually and offers a full range of medical, surgical and long-term care services. The Sunnybrook Research Ethics Board approved this study.
Methods

Data sources
Data were obtained from an integrated stewardship database, automatically and securely populated by microbiology, pharmacy and electronic patient care databases for all admitted patients.
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Screening processes and procedures for MRSA According to the study centre's protocol, nares and perianal screening swabs are obtained within the first 24 hours after admission among patients who meet 1 or more of the following criteria: history of colonization by an antibiotic-resistant organism, history of contact with a patient colonized by an antibiotic-resistant organism, receipt of health care outside of Canada within the past year, admission to a health care facility within the past year, receipt of home health care or hemodialysis, residence in a shelter or inability to answer questions regarding these risk factors. Screening for MRSA is also performed on transfer to critical care units, and on any transfer or discharge in the context of an outbreak. A swab collection system by COPAN Diagnostics with charcoal transport medium was used, with culture onto chromogenic media (MRSASelect, Bio-Rad Laboratories) to screen specifically for colonies of MRSA (not MSSA). The media were incubated at 35°C for 22-24 hours, and methicillin resistance was confirmed using the Vitek 2 XL system, with AST-GP67 cards (bioMérieux). A positive screening result was defined by the presence of MRSA, as detected by the above techniques, and a negative result was defined by the absence of MRSA.
Processing of S. aureus isolates
Isolates were collected according to clinical context and included any of the following: urine, blood, cerebrospinal fluid, joint fluid, pleural fluid, wound or miscellaneous swab, sputum, lower respiratory sample and tissue biopsies. Sterile sites were considered to be blood, cerebrospinal fluid, peritoneal fluid, pleural fluid, synovial fluid and tissue biopsies. Culture media differed according to clinical specimen, but for all specimens, possible S. aureus was identified by the presence of catalase-positive, coagulasepositive colonies of gram-positive cocci, and identification and susceptibilities were confirmed by the Vitek 2 XL system, with AST-GP67 cards.
Covariates
Variables of interest collected for this study included patient characteristics (i.e., age, sex), hospital variables (i.e., ward or service at the time of clinical specimen collection), isolate variables (i.e., time of collection of the swab and clinical specimen, susceptibility results from the swab and isolate) and treatment variables (i.e., antibiotic use).
Statistical analysis
We determined test characteristics of the MRSA screening, including sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, positive predictive value, negative predictive value and odds ratios (ORs), and performed stratification based on time from the swab being taken to collection of the clinical isolate. Time cut-offs were as follows: immediate (swab obtained within 48 h before isolate collection), recent (swab obtained between 48 h and 14 d before isolate collection) and remote (swab obtained > 14 d before isolate collection).
We chose these allocations to fall within
Research previously demonstrated median times to colonization by MRSA 22 and to permit even distribution of sample power. We considered screening for MRSA the test variable and methicillin susceptibility of the confirmed S. aureus clinical isolates (from a nonsurveillance location) the response variable. We defined a true positive as a positive result from MRSA screening and a clinical isolate positive for MRSA, and a false positive as a positive result from MRSA screening but a clinical isolate with MSSA. We considered a false negative to be a negative result from MRSA screening but a clinical isolate with MRSA, and a true negative to be a negative result from MRSA screening and a clinical isolate with MSSA. Precision is denoted by 95% confidence intervals (CIs) calculated using the Clopper-Pearson interval. We performed subgroup analysis on 3 identified groups: ICU versus non-ICU patients, sterile versus nonsterile sites and swabs obtained during index admission versus on prior admission.
We performed multivariable logistic regression analysis to examine predictors of concordant results between the screening swabs and clinical isolates (with respect to methicillin resistance). We defined concordance of screening and clinical isolates as either of the following: a positive result from MRSA screening and a clinical isolate with MRSA, or a negative result from MRSA screening and a clinical isolate with MSSA. We used backward subtraction to determine statistically significant model parameters, with a p value threshold of < 0.05. Subtracted covariate values (at time of removal from the model) as well as retained covariates were recorded. Goodness of fit was confirmed using the Hosmer-Lemeshow test. Statistical analysis was performed using SAS version 9.3.
Results
Of 768 patients with clinical infections with S. aureus diagnosed during the 2-year study period, 510 (66%) had previously been screened for MRSA and were included in the study. Of the 510 screening procedures performed on these patients, 53 (10%) were positive for MRSA. Of the 510 clinical isolates of S. aureus, 79 (15%) were resistant to methicillin and 109 (21%) were from a sterile site. Patient characteristics and clinical variables are shown in Table 1 .
Test characteristics of MRSA screening in predicting methicillin resistance in the infecting S. aureus isolate are shown in Tables 2 and 3 . Analysis of the entire study population showed 99% (95% CI 98%-100%) specificity and 63% (95% CI 52%-74%) sensitivity.
For the subgroup of patients with less than 48 hours elapsed between the swab and isolate collection, the sensitivity of screening was 91% (95% CI 71%-99%) and specificity remained high at 100% (95% CI 97%-100%). Sensitivity declined as the time from swab collection to isolate collection increased; however, the test characteristics remained similar from recent (48 h-14 d) to remote (> 14 d) groups. In a further subgroup analysis, there was a significant decline in sensitivity (44% [95% CI 31%-62%]) for swabs obtained on a separate admission from the admission with the clinical S. aureus infection, but specificity was preserved in this subgroup at 97% (95% CI 89%-100%). In the multivariate logistic regression analysis, no significant collinearity was detected among putative predictors ( results of isolate resistance were available. In these cases, the screening results were available earlier than the isolate results by a mean of 2.1 (± 1.2) days.
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Interpretation
In our population, we found that a positive result on screening for MRSA was associated with a positive likelihood ratio of 91 and a positive predictive value of 94% for subsequent methicillin resistance in an infection with S. aureus. High positive likelihood ratios persisted with time and across different admissions. Overall sensitivity of screening for MRSA was poor (63%); however, sensitivity was excellent (91%) if the swab was obtained within 48 hours before collection of the clinical isolate. In this scenario, the negative likelihood ratio was 0.09, yielding a negative predictive value in our population of 98%. The sensitivity declined with increasing time between swab and isolate collection. Few studies to date have examined the predictive value of screening for MRSA. Most were limited to swabs obtained either on admission 23 or within 24 hours of a clinical infection, and included all clinical infections. 19 Strymish and colleagues 24 studied the utility of prior screening in predicting the results of preoperative screening for MRSA, and found a similar specificity to that found to our study. In our study, the persistence of high specificity is likely due to the duration of MRSA carriage, with median colonization of 6 months, 25 although the maximum time between swab and isolate collection seen in this study was 569 days. Loss of sensitivity after 48 hours is likely due to new acquisition of MRSA, given that in one study MRSA colonization was associated with a hospital stay of 18 (± 8) days. 22 In our study's population, most of the screening results were available before the results for susceptibility of clinical isolates, with a mean difference of 2.1 days. This is an important finding for stewardship programs, because it represents valuable time when treatment could be changed to MSSAspecific β-lactam antibiotics, which have superior cure rates to vancomycin in sensitive strains. 6 The value of negative results on MRSA screening applies only to regions with low prevalence of MRSA, such as Canada and many European countries. 26 Further research is needed to clarify the utility of negative results from swabs collected more than 48 hours before infection.
Limitations
A limitation of this study is that we derived test characteristics from cases of culture-positive infection. By definition, we cannot determine the accuracy of test characteristics of MRSA screening for culture-negative infections. We cannot be certain that all S. aureus infections were true infections as opposed to colonizations, but we included only patients who received antistaphylococcal antibiotics around the time of culture collection. Moreover, our results did not significantly differ between sterile and nonsterile sites of isolate collection. Our study was conducted in an area of low MRSA prevalence, but sensitivity, specificity and likelihood ratios are intrinsic test characteristics and are independent of the population prevalence of methicillin resistance. We restricted our screening to higher risk populations, which could potentially exclude some patients colonized by MRSA. However, our criteria for screening were likely sufficiently broad, as indicated by the fact that most screening results were negative. Finally, it is possible that patients may have received prior MRSA decolonization, which we were unable to examine in our study. This may represent a group for which prior MRSA screening is less useful in predicting resistance patterns.
Conclusion
Our study showed that a history of MRSA colonization on screening had a high specificity for methicillin resistance in subsequent culture-positive clinical infections with S. aureus. This result persisted even with swabs and clinical isolates collected more than 14 days apart and on different admissions. In areas of low MRSA prevalence, a negative result on screening for MRSA, where the swab was obtained within 48 hours before isolate collection, was associated with a low likelihood of methicillin resistance. Although originally intended for infection-control purposes, our data indicate that MRSA screening offers important information about the likelihood of methicillin resistance in subsequent culturepositive S. aureus infections.
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